A horseshoe-shaped, orange-pigmented strain, HMD3055
The genus Cyclobacterium of the family Cyclobacteriaceae in the phylum Bacteroidetes displays a unique ring-like shape and inhabits marine environments. The genus Cyclobacterium was first proposed by Raj & Maloy (1990) . At the time of writing, the genus Cyclobacterium consists of five members, C. amurskyense from seawater (Nedashkovskaya et al., 2005) , C. caenipelagi from marine sediment (Jung et al., 2013) , C. lianum from oilfield sediment (Ying et al., 2006) , C. marinum from the deep-sea (Raj & Maloy, 1990) and C. qasimii from marine sediment (Shivaji et al., 2012) .
Strain HMD3055
T was isolated from a solar saltern at Jeungdo, Republic of Korea (34 u 599 470 N 126 u 109 020 E) following serial dilution. The isolate was incubated on marine agar (MA; Difco) for 72 h at 25 u C. The isolate was routinely cultured on MA agar at 25 uC. The culture was suspended in water containing 20 % glycerol (w/v) at 280 u C and freeze-dried for storage.
Cell morphology was examined by light and electron microscopy in cells grown on marine agar at 20 u C and 25 u C. Gram staining was determined using the bioMérieux Gram Stain kit according to the manufacturer's instructions. Cellular pigments were extracted with acetone/methanol (1 : 1, v/v), and their absorption spectra were determined using a scanning UV/visible spectrophotometer (UV 6101A). The presence of flexirubin-type pigments was investigated using the chromatic shift test with KOH solution (Bernardet et al., 2005) . Catalase and oxidase tests were performed according to standard methods (MacFaddin, 1980) . Anaerobic growth was tested on MA at 25 u C using a GasPak EZ Anaerobic Container System (BD), according to the manufacturer's instructions. The temperature range for growth were assessed on MA at 4 u C, 10-30 u C (at 5 u C intervals), 37 u C, 42 u C, 45 u C and 50 u C. The pH range and optimum pH for growth were determined in 1/10 MA broth with nutrients and unknown growth factors. The medium was adjusted to pH 5.0-10.0 (at intervals of 1.0 pH unit) using 0.1 mM sodium acetate buffer (pH 5.0 and 6.0), 0.1 mM phosphate buffer (pH 7.0 and 8.0) and 0.1 mM sodium carbonate buffer (pH 9.0 and 10.0). Growth in the presence of 0.5 % and 1.0-15.0 % (at intervals of 1.0 %) NaCl (w/v) was also tested in 1/10 MA broth. Hydrolysis of casein [3 % skimmed milk (Difco), v/v], crystalline cellulose (Whatman No 1 filter paper, 1 %) and starch (1.0 %, w/v) were tested using MA as the basal medium. MacConkey agar (Difco) and DNase test agar (Difco) were used to test growth and production of DNase, respectively. Other biochemical tests and carbon source oxidation tests were performed using API 20NE, API ZYM strips (bioMérieux) and GN2 MicroPlates (Biolog), according to the manufacturer's instructions except with respect to the incubation temperature (25 u C) and incubation time (72 h). The DNA G+C content was determined by HPLC (Mesbah & Whitman, 1989) . For fatty acids analysis, strain HMD3055
T and the three reference strains (C. lianum JCM 14011 T , C. marinum KCTC 2917
T and C. amurskyense KCTC 12363 T ) were grown on MA at 25 u C for 3 days and fatty acids were saponified, methylated and extracted using the standard protocol of MIDI. Fatty acids were analysed by gas chromatography (model 7890; Hewlett Packard) and identified using the RTSBA6 database of the Microbial Identification System (Sasser, 1990) . Quinones were extracted according to the protocol of Minnikin et al. (1984) and analysed by HPLC as described by Collins (1985) . Polar lipids were extracted according to the protocol of Minnikin et al. (1984) and separated by two-dimensional TLC. Plates (coated with silica gel, 10610 cm; Merck) were sprayed with various specific reagents to detect different polar lipids (Minnikin et al., 1984) .
The physiological and biochemical characteristics of strain HMD3055
T are listed in Table 1 and in the species description. The isolate exhibited a number of phenotypic similarities with members of the genus Cyclobacterium. However, several characteristics of strain HMD3055
T such as growth at 42 u C, nitrate reduction, esterase lipase (C8) activity and utilization of carbon sources clearly differentiated this strain from strains representing other species of the genus Cyclobacterium (Table 1) . Cells of C. lianum HY9 T , like other those of other species of the genus Cyclobacterium, were ring-like or horseshoe-shaped. Cells of strain HMD3055
T were rod-shaped during growth at 20 u C and 25 u C for 48 h or at 20 u C for 72 h but were horseshoe-shaped during growth at 25 u C for 72 h (Fig. S1 available in IJSEM Online). The major fatty acids of strain HMD3055
T were iso-C 15 : 0 (30.7 %), summed feature 3 (comprising C 16 : 1 v6c and/or C 16 : 1 v7c; 21.4 %) and summed feature 9 (comprising iso-C 17 : 1 v9c and/or 10-methyl C 16 : 0 ; 11.1 %). The overall fatty acid profiles of strain HMD3055
T and the three reference strains of species of the genus Cyclobacterium were similar with major fatty acids being iso-C 15 : 0 (30.7-37.2 %) and summed feature 3 (17.5-21.4 %) but with differences in the respective proportions of some minor fatty acids. The complete fatty acid profiles of strain HMD3055
T and three reference strains are given in Table 2 . The polar lipids of HMD3055 T consisted of phosphatidylethanolamine, one unidentified phospholipid, one unidentified aminolipid and five unidentified polar lipids (Fig. S2) . The overall polar lipid profiles of strain HMD3055
T and the other species of the genus Cyclobacterium examined were dissimilar with respect to phospholipids and the five unidentified polar lipids (Jung et al., 2013) . The predominant quinone of strain HMD3055 T was MK-7 and UQ-10 was a minor quinone. The DNA G+C content of strain HMD3055
T was 45.6 mol%.
The almost complete sequence of the 16S rRNA gene was obtained for strain HMD3055 T as described previously (Cho & Giovannoni, 2003) . Identification of phylogenetic neighbours and calculation of pairwise 16S rRNA gene sequence similarity were performed using the EzTaxon-e server (Kim et al., 2012) . Phylogenetic and molecular evolutionary analyses were conducted using MEGA version 5 (Tamura et al., 2011) . The 16S rRNA gene sequence comparisons showed that strain HMD3055 T was closely related to members of the genus Cyclobacterium. Strain HMD3055 T was most closely related to C. lianum HY9 T (95.8 %) and C. marinum DSM 745 T (93.2 %). Phylogenetic trees were inferred using the maximumlikelihood (Felsenstein, 1981) , maximum-parsimony (Fitch, 1971 ) and neighbour-joining (Saitou & Nei, 1987) algorithms. The robustness of the topologies for the maximum-likelihood and neighbour-joining trees was evaluated by bootstrap analysis based on 1000 resamplings of the sequences (Felsenstein, 1985) . The isolated strain formed a cluster with C. lianum HY9 T with 100 % bootstrap support (Fig. 1) . Therefore, strain HMD3055 T should be classified as a novel species of the genus Cyclobacterium for which the name Cyclobacterium jeungdonense sp. nov. is proposed.
Description of Cyclobacterium jeungdonense sp. nov.
Cyclobacterium jeungdonense (jeung.do.nen9se. N.L. neut. adj. jeungdonense of or belonging to Jeungdo, a Korean island from where the type strain was isolated).
Cells are Gram-stain-negative and initially straight rods but become ring-like or horseshoe-shaped (outer diameter 1.5-1.8 mm and cell width of 0.3-0.5 mm) on MA after 3 days at 25 u C. Colonies on MA agar are convex, circular, smooth with entire margins, orange and 2-3 mm in diameter after 3 days at 25 u C. No growth occurs on nutrient agar, blood agar, DNase test agar or MacConkey agar. Growth occurs in the presence of 0-7.0 % (w/v) NaCl (optimum, 3-5 %), at pH 7-8 (optimum, pH 8) and at 15-37 u C (optimum, 25-30 u C) Arginine dihydrolase, lysine decarboxylase, ornithine decarboxylase, tryptophan deaminase and Lphenylalanine deaminase activities are absent. Nitrate reduction and aesculin hydrolysis are positive. Flexirubintype pigments are not produced. In the API ZYM gallery, alkaline phosphatase, esterase lipase (C8), leucine arylamidase, valine arylamidase, acid phosphatase, naphthol-AS-BI-phosphohydrolase, a-galactosidase, b-galactosidase, b-glucuronidase, a-glucosidase, b-glucosidase, N-acetyl-bglucosaminidase and a-mannosidase are present, but esterase (C4), lipase (C14), cysteine arylamidase, trypsin, a-chymotrypsin and a-fucosidase are absent. The following compounds are utilized as sole carbon sources on GN2 microplates: N-acetyl-D-glucosamine, adonitol, i-erythritol, D-fructose, D-galactose, gentiobiose, a-D-glucose, a-lactose, lactulose, maltose, D-melibiose, methyl b-D-glucoside, raffinose, D-sorbitol, sucrose, trehalose, turanose, xylitol, succinic acid monomethyl ester, acetic acid, citric acid, Dglucosaminic acid, a-ketoglutaric acid, DL-lactic acid, propionic acid, glucuronamide and a-D-glucose 1-phosphate. The following carbon sources are not utilized: acyclodextrin, dextrin, glycogen, Tween 40, Tween 80,
L-serine, L-threonine, DL-carnitine, c-amino butyric acid, urocanic acid, inosine, uridine, thymidine, phenylethylamine, putrescine, 2-aminoethanol, 2,3-butanediol, glycerol, D,L,a-glycerol phosphate and D-glucose-6-phosphate. The polar lipids consist of phosphatidylethanolamine, one unidentified phospholipid, one unidentified glycolipid and five unidentified polar lipids. The major fatty acids are iso-C 15 : 0 , summed feature 3 (C 16 : 1 v6c and/ or C 16 : 1 v7c) and summed feature 9 (iso-C 17 : 1 v9c and/or 10-methyl C 16 : 0 ). The complete fatty acid content is given in 
